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(54) METHOD FOR RESORTING CHARACTERISTICS OF POLYMER ELECTROLYTE FUEL CELL 



(57) The present invention restores the perform- 
ance of a fuel cell by: operating the cell In a loaded cur- 
rent mode different from that of a normal operation for 
a predetermined time; supplying an oxidant gas and a 
fuel gas to an anode and a cathode respectively and 
outputting a current from a cell body with the polarity 
being inverted; supplying a pressurized gas to at least 



one of the cathode and anode in an amount not less 
than 1 .5 times as much as that in the nomrial operation 
or supplying oxygen to the cathode; or Injecting a clean- 
ing solution into the cathode and anode through a gas 
flow path. Consequently, it is possible to effectively re- 
store a degraded perfomnance of a polymer electrolyte 
fuel ceil caused by a long operation. 
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Description 

Technical Field 

[0001] The present invention relates to a method for s 
restoring the performance of fuel ceils useful as com- 
mercial cogeneration systems and power generating 
devices for mobile units, specifically, polymer electrolyte 
fuel cells using a polymer electrolyte. 

10 

Bacicg round Art 

[0002] Fuel cells cause a fuel gas such as hydrogen 
and an oxidant gas such as air to electrochemlcaliy react 
at a gas diffusion electrode, thereby concurrently sup- is 
plying electricity and heat. Such fuel cells are classified 
into severaltypes according to the Icind of the electrolyte 
used therefor. The polymer electrolyte used herein gen- 
erally comprises a skeleton of -CF2- as its main chain 
and a sulfonic acid is attached to the tenninal of its side 20 
chain. 

[0003] A polymer electrolyte fuel cell is fabricated in 
the following manner. First, a paste for catalyst layer, 
prepared by mixing a dispersion of the above-described 
polymer electrolyte with a carbon powder carrying a 25 
platinum-based metal catalyst, is applied onto both sur- 
faces of a membrane of this polymer electrolyte, and the 
whole was dried to fonn a catalyst layer, which will con- 
stitute electrodes (a cathode as an air electrode and an 
anode as a fuel electrode). On the outer surface of the 30 
catalyst layer, a porous conductive substrate such as a 
carbon paper Is disposed as a gas diffusion layer, which 
wilt constitute the electrodes, for diffusing air and a fuel 
gas. In other words, the catalyst layer and the gas dif- 
fusion layer constitute the electrodes. Alternatively, the 3S 
paste for catalyst layer may be applied onto the carbon 
paper constituting the gas diffusion layer, and the poly- 
mer electrolyte membrane may be bonded to this. This 
yields an electrolyte membrane-electrode assembly 
(MEA) comprising the polymer electrolyte membrane, 40 
catalyst layer and gas diffusion layer. 
[0004] Conductive separator plates for mechanically 
fixing the MEA and electrically connecting adjacent 
MEAs in series are disposed on the outer surfaces of 
the MEA. The MEA and the separator plates are lami- 45 
nated to obtain a unit cell. A gas flow path for supplying 
a reactant gas (oxidant gas or fuel gas) to the electrode 
and transferring water produced by the reaction of hy- 
drogen and oxygen, residual gas and the like, is formed 
on the separator plate. A carbon material having elec- so 
trical conductivity, gas tightness and corrosion resist- 
ance is often used for the separator plate. However, be- 
cause of the excellent moidability and cost-effective- 
ness as well as ease of thinning the separator, separa- 
tors using a metal material such as stainless steel are ss 
also being investigated. Further, a sealing member such 
as a gasket or a sealing agent is arranged on the pe- 
ripheries of the gas flow path, the electrode and the like 
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to prevent the reactant gases from directly mixing or 
from leaking outside. 

[0005] When the above-described unit cell is used as 
a power generating device, it is common to laminate a 
plurality of the unit cells In order to increase the output 
voltage. To the gas flow paths disposed on the separator 
plate, the fuel gas such as hydrogen and the oxidant gas 
such as air are supplied from outside through manifolds, 
and these gases are supplied to the gas diffusion layers 
of the respective electrodes. Current generated by the 
reaction of these gases at the catalyst layers is collected 
at the electrodes and is taken outside through the sep- 
arator plates. 

[0006] Herein, since the above-described polymer 
electrolyte exhibits hydrogen ion conductivity when it 
contains water, the fuel gas to be supplied to the fuel 
cell is generally humidified. In addition, since the cell re- 
action produces water at the cathode, water is always 
present within the cell. As a result, there is the possibility 
that ionic impurities, inorganic impurities and organb Im- 
purities contained in a carbon material, sealing material, 
resin material and metal material, each of which is the 
component of the cell, are eluted if the cell is operated 
for a long period of time. 

[0007] Moreover, since air to be supplied to the fuel 
cell contains, for example, trace amounts of air pollut- 
ants such as nitrogen oxides or sulfur oxides, and the 
fuel gas is occasionally contaminated with trace 
amounts of metal oxides contained in the hydrogen gen- 
erating device. 

[0008] Further, such impurities are accumulated in the 
polymer electrolyte membrane, the catalyst layer at the 
electrode and the like, leading to a reduction in the con- 
ductivity of the polymer electrolyte as well as the cata- 
lytic activity. This results in the problem that the cell per- 
formance is gradually degraded during a long operation 
of the fuel cell. Additionally, In the case where a metal 
is used for the separator plate, metal Ions eluted from 
the separator plate cause a further damage to the pol- 
ymer electrolyte membrane and the catalyst layer. 
[0009] Therefore, it is an object of the present inven- 
tion to provide a method for effectively restoring the per- 
formance of a polymer electrolyte fuel cell in the case 
where the cell performance has been degraded owing 
to an accumulation of the impurities as described above. 

Disclosure of Invention 

[0010] In order to achieve the foregoing object, the 
present invention provides a method for restoring per- 
formance of a polymer electrolyte fuel cell comprising: 
a cell body composed of laminated unit cells, each of 
the unit cells comprising a cathode and an anode inter- 
posing a hydrogen ion-conductive polymer electrolyte 
membrane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying and 
discharging a fuel gas and an oxidant gas to and from 
the cathode and the anode respectively and sandwich- 
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ing the cathode and the anode therebetween; means for 
supplying and discharging the oxidant gas and the fuel 
gas to and from the celt body; and means for controlling 
output of a current generated in the cell body. 
[0011] Mainly, the method for restoring the cell per- 
formance in accordance with the present invention has 
four embodiments. 

[001 2] The first embodiment is the method for restor- 
ing performance of the polymer electrolyte fuel cell that 
involves operating the polymer electrolyte fuel cell in a 
loaded current mode different from that of a normal op- 
eration for a predetermined time, thereby restoring the 
performance of the fuel cell. 

[0013] In this case, it Is effective that the loaded cur- 
rent mode different from that of the normal operation is 
either an operation mode at a current of not less than 
1.5 times as high as that in the normal operation or an 
operation mode at a current giving an output voltage per 
unit cell of not more than 0.2 V. 

[0014] The second embodiment is the method for re- 
storing performance of the polymer electrolyte fuel cell 
that involves: supplying an oxidant gas and a fuel gas 
to the anode and the cathode respectively, while sup- 
plying the fuel gas to the anode and the oxidant gas to 
the cathode in the normal operation; and outputting a 
current from the cell body with the polarity being invert- 
ed, thereby restoring the performance of the fuel cell. 
[001 5] The third embodiment is the method for restor- 
ing performance of the polymer electrolyte fuel cell that 
involves supplying a pressurized gas to at least one of 
the cathode and the anode in an amount not less than 
1 .5 times as much as that in the normal operation or 
supplying oxygen to the cathode, thereby restoring the 
performance of the fuel cell. 

[0016] The fourth embodiment is the method for re- 
storing the performance of the polymer electrolyte fuel 
cell that involves injecting a cleaning solution Into the 
cathode and the anode through the gas flow path , there- 
by restoring the performance of the fuel cell. 
[0017] In this case, it is effective that the cleaning so- 
lution is an acidic solution having a pH of less than 7. 
[0018] It should be noted that the separator plate in 
the polymer electrolyte fuel cell of the present invention 
may also contain a metal material. 
[0019] According to the method for restoring the cell 
perfonnance of the present Invention, it is possible to 
discharge impurities accumulated in the cell body, such 
as contaminant ions, to the outside of the cell body. 

Brief Description of Drawings 

[0020] 

FIG. 1 is a graph showing how the performance of 
the fuel cell in Example 1 of the present Invention 
is restored. 

FIG. 2 is a graph showing how the performance of 
the fuel cell in Example 3 of the present invention 
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is restored. 
Best Mode for Carrying Out the Invention 

5 [0021] The ionic conductivity of the electrolyte used 
in the above-described polymer electrolyte fuel cell is 
achieved by hydrogen ions of the sulfonic group at- 
tached to the tenminal of the polymer's side chain. How- 
ever in the case where metal ions such as iron ions or 

10 sodium ions are present as contaminant ions (impuri- 
ties), these impurities replace hydrogen ions to reduce 
the ionic conductivity of the electrolyte membrane. Fur- 
ther, since the metal ions entered into the electrolyte 
have different hydrated states from those of hydrogen 

IS ions, the water content of the electrolyte is decreased, 
which also reduces the ionic conductivity of the electro- 
lyte membrane. 

[0022] Such reduction in the ionic conductivity and de- 
crease in the water content not only increase the direct 

20 current resistance of the cell, but also decrease the re- 
action area of the catalyst layer in the electrode, thus 
causing a further degradation of the cell perfonnance. 
Moreover, the above-described metal ions adhere to the 
surface of the catalyst, or seal the catalyst by forming 

25 oxides to degrade the cell perfomnance. Furthemnore, 
sulfur oxides, which are anionic impurities, poison the 
catalyst to degrade the cell perfomnance. and nitrogen 
oxide ions and carboxylic acid ions, which are acidic 
substances, corrode and denaturalize the components 

30 of the fuel cell. 

[0023] in the normal operation, these contaminant 
ions are present in high concentrations at a specific site 
in the cell. For example, the above-described metal ions 
are distributed in high concentration at the interface be- 

35 tween the electrolyte membrane and the electrode or in 
the polymer electrolyte which has been kneaded into the 
electrode. The acidic substances derived from the ani- 
onic impurities are gradually accumulated on the surfac- 
es of the electrode base material serving as the gas dif- 

40 fusion layer, and the separator plate. Since these metal 
ions, cationic impurities, and anionic Impurities are not 
discharged to the outside of the cell in the normal oper- 
ation, they become a cause of gradual degradation of 
the cell performance. 

45 [0024] The ionic impurities present In the cell are clas- 
sified into those that are easy to move and those that 
are not, according to their ionic species. However, they 
both move along with a current passing through the cell, 
at a constant rate. Taking advantage of this fact, if the 

50 cell is operated at a current density of not less than 1 .5 
times as high as that in the normal operation (e.g. rated 
operation), the accumulated contaminant ions change 
the distributions thereof and are expelled from the elec- 
trolyte to be mixed with water produced by the electrode 

55 reaction, whereby it Is possible to discharge them to the 
outside of the cell. 

[0025] It is also possible to discharge the contaminant 
Ions by switching the gases to be supplied to the fuel 



EP 1 237 219 A1 



3 



iNSDOCJD: <EP 



123721 9A1J_> 



5 



EP1 237 219 A1 



6 



electrode and the air electrode and reversing the direc- 
tion of the current and thereby transporting the ions op- 
posite to the direction in which they entered. 
[0026] Further, it is possible to promote the transport 
and discharge of the contanninant ions by pressurizing 
the fuel gas and the oxidant gas, which are the reactant 
gases, or by using oxygen as the oxidant gas. 
[0027] Further, since the contaminant ions contained 
in the electrolyte are discharged to the outside by being 
replaced by hydrogen ions, it is possible to discharge 
them to the outside by washing the electrolyte, electrode 
and the like, with an acidic solution. 
[0028] In the following, the present invention will be 
concretely described by way of examples; however, the 
present invention is not limited thereto. 

Examples 1 and 2 

[0029] An acetylene black carbon powder carrying 25 
wt% of platinum particles having a mean particle size of 
approximately 30 A was used as a catalyst for electrode. 
A dispersion in which a powder of this catalyst was dis- 
persed in isopropanoi was mixed with a dispersion in 
which a powder of perfluorocarbon sulfonic acid was 
dispersed in ethyl alcohol, thereby obtaining a paste for 
catalyst layer. 

[0030] Meanwhile, a carbon paper having a thickness 
of 300 yum was immersed in an aqueous dispersion of 
polytetrafluoroethylene (PTFE), and dried to obtain a 
water-repellent gas diffusion layer (porous electrode 
base material). The above-described paste for catalyst 
layer was applied onto one surface of this gas diffusion 
layer, whk^h was then dried to obtain an electrode com- 
prising a catalyst layer and the gas diffusion layer. 
[0031] Next, a polymer electrolyte membrane was 
sandwiched by a pair of the above electrodes, with the 
catalyst layers facing inwardly, and the whole was hot- 
pressed at a temperature of HO^'C for 30 seconds, 
thereby fabricating an MEA. Herein, a polymer electro- 
lyte membrane made of perfluorocarbon sulfonic acid 
(Nafion manufactured by Du Pont), having a thickness 
of 50 p.m, was used as the polymer electrolyte mem- 
brane. 

[0032] It should be noted that as the conductive po- 
rous base material constituting the gas diffusion layer, 
a carbon cloth obtained by weaving a carbon fiber, which 
is a flexible material, and a cartoon felt obtained by mold- 
ing a mixture of a carbon fiber, carbon powder and or- 
ganic binder may also be used, in addition to the above- 
described carbon paper. 

[0033] Next, a carbon plate was obtained by cold 
press-molding a carbon powder material, and this car- 
bon plate was impregnated with a phenolic resin and 
then cured by heating to Improve the gas sealing prop- 
erty. A gas flow path was formed by cutting on this car- 
bon plate to obtain a separator plate of the present in- 
vention. Disposed on the periphery of the gas flow path 
were manifold apertures for supplying and discharging 



gases and a manifold aperture for supplying and dis- 
charging a cooling water which was flowed for control- 
ling the interior temperature of the fuel cell. Further, in 
addition to the above-described carbon separator, a 
5 metal separator plate was prepared, which had been ob- 
tained by fomning the gas flow paths and the manifold 
apertures on a metal plate made of stainless steel (SUS 
304). 

[0034] A gasket made of silicone rubber as the gas 
10 sealing material was disposed on the periphery of the 
MEA having an electrode surface area of 25 cm^, and 
the MEA was sandwiched either by two sheets of the 
carbon separator plate or by two sheets of the separator 
plate made of SUS 304, and the whole was clamped 
15 from both ends, while being compressed at a pressure 
of 20 kgf/cm2, thereby obtaining two types of unit cells: 
unit cells A and B. 

[0035] In practice, a plurality of unit cells are generally 
laminated while separator plates having a cooling water 

20 flow path are interposed therebetween when used as a 
fuel cell. However, supposing that the above-described 
contaminant ions are hardly transported from one unit 
cell to another, the evaluation was made using a unit cell 
as a fuel cell in the present examples. 

25 [0036] A gas supply device for supplying a humidified 
reactant gas to the cathode and anode, an electricity 
output device for setting and controlling the output of a 
loaded current from the unit cell and a heat adjustment 
device for adjusting the cell temperature were attached 

30 to each of the unit cells fabricated as above, thereby 
obtaining polymer electrolyte fuel cells A and B of the 
present examples. This heat adjustment device was 
configured such that the cooling water was flowed along 
the direction parallel to the plane of the unit cell. It should 

35 be noted that in a fuel cell, this heat adjustment device 
can also be used in order to effectively utilize an exhaust 
heat. 

[0037] Each of the fuel ceils A and B fabricated as 
above was operated with the following operational con- 
40 ditlon defined as the nomnal mode, and the cell, of which 
perfomnance had been degraded from the initial per- 
formance as a result of the operation, was used to eval- 
uate the effectiveness of the method for restoring the 
cell perfomiance In accordance with the present inven- 
ts tion. 

[0038] First, the output current density was set at 0.6 
A/cm2. Next, the gas utilization rate, that is, an index 
representing the ratio of the gas actually participating in 
the electrode reaction to the supplied fuel gas and oxi- 

50 dant gas, was set at 70% at the anode side and 30% at 
the cathode side. Also, the cooling water was adjusted 
such that the cell temperature became TS^'C. Then, pure 
hydrogen and air were used as the reactant gases to be 
supplied, and the pressure of the air supplied from the 

55 Inlet of the gas flow path was set at 0.2 kgf/cm^, the pres- 
sure of hydrogen was set at 0.05 kgf/cm^, and the outlet 
of the gas flow path was opened to the atmosphere. 
[0039] As a result of operating the fuel cells under this 
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condition, the performance of each of the fuel cells A 
and B started to be degraded after a continuous opera- 
tion of 500 hours. At this time, the cun'ent density was 
increased to 0.8 A/cm^. and each cell was operated un- 
der this condition for 20 hours. Thereafter, each of the 
fuel cells A and B was operated with the current density 
being decreased to 0.6 A/cm^ again; however, no sig- 
nificant improvement was observed in the perfonmance. 
Therefore, the current density was increased to 1 .0 A/ 
cnn^ once again, and each cell was operated under this 
condition for 20 hours to attempt to remove and dis- 
charge the contaminant ions and thereby restoring the 
cell performance. Further, the current density was in- 
creased to 1 .5 A/cm2 and 2.0 A/cm^ to similarly attempt 
to remove and discharge the contaminant ions. The re- 
sult of these continuous cell tests is shown in FIG. 1. 
FIG. 1 is a graph showing how the cell perfomnance was 
restored based on the relationship between the contin- 
uous operation hours and the cell voltage of each of the 
fuel cells A and B in Examples 1 and 2. 
[0040] Referring to FIG. 1 , in the case where the cur- 
rent density was increased to 1 .0 A/cm^, the cell voltage 
of the fuel cell A using the carbon separator plate was 
restored, from 570 mV to 590 mV, and the cell voltage 
of the fuel cell B using the separator plate made of SUS 
304 was restored, from 530 mV to 580 mV. Similarly, in 
the case where the current density was increased to 1 .5 
A/cm^ and 2.0 A/cm^, the cell voltage of each cell was 
improved. 

[0041] By an analysis of the water discharged from 
each fuel cell when the output current was increased as 
described above, iron ions were detected in the fuel cell 
B using the separator plate made of SUS 304, and a 
phenol component was detected In the fuel cell A using 
the carbon separator plate. This result demonstrated 
that the contaminant ions accumulated in the cell due to 
the long operation could be removed and discharged by 
the method of the present invention and thereby restor- 
ing the cell performance. 

Examples 3 and 4 

[0042] In the above Examples 1 and 2, it was con- 
firmed that the object of the present invention could be 
achieved by changing the current density and thereby 
restoring the degraded performance of the fuel cell 
caused by the continuous operation. 
[0043] In this example, a method for restoring the cell 
performance was conducted by increasing the loaded 
current to maintain the output voltage of each of fuel 
cells A and B, fabricated in the same manner as that 
used in Examples 1 and 2, at not more than 0.2 V for a 
predetermined time, and, thereafter, returning the oper- 
ation to the normal mode. 

[0044] As a result, it was also possible to restore the 
output voltage as described above by using this method. 
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Examples 5 and 6 

[0045] In the present examples, a method for restor- 
ing the cell performance was conducted by continuously 
5 operating each of fuel cells A and B, fabricated In the 

same manner as that used in Examples 1 and 2, for 500 
hours, and reversing the direction of the output current 
after the cell voltage dropped. 

[0046] More specifically, air was supplied to the anode 
10 side, to which hydrogen was supplied in the nomnal op- 
eration (output cunrent = 0.6 A/cm^), and hydrogen was 
supplied to the cathode side, to which air was supplied 
in the nomnal operation, and each cell was operated at 
0.6 A/cm2 for 20 hours In this condition, with the direction 
f5 of the output current being reversed. Thereafter, the op- 
eration was returned to the normal mode. By conducting 
such steps, the voltage of the fuel cell A using the carbon 
separator plate was restored, from 570 mV to 585 mV, 
and the voltage of the fuel cell B using the separator 
20 plate made of SUS 304 was restored, from 530 mV to 
565 mV. 

[0047] As described above, by conducting the method 
that involved changing the magnitude and direction of 
the loaded current and the method that involved switch- 
es ing the types of the reactant gases supplied to the gas 
flow paths and reversing the direction of the output cur- 
rent. It was possible to discharge the contaminants ac- 
cumulated in the cell by mixing them into an exhaust gas 
and exhaust water, thereby restoring the cell perform- 
30 ance. 

[0048] It was also possible to restore the cell perform- 
ance by conducting the method that involved changing 
the direction in which the reactant gases were supplied, 
that is, the method that involved supplying each of the 

35 reactant gases from the place that served as its dis- 
charge port in the normal operation. Moreover, this ef- 
fect of restoring the cell performance could be enhanced 
by conducting the method that involved supplying pure 
oxygen in place of air and the method that involved sup- 

40 plying a pressurized reactant gas. 

Examples 7 and 8 

[0049] Next, by using fuel cells A and B fabricated in 
the same manner as that used in Examples 1 and 2, a 
method of restoring the cell performance was conducted 
by forcibly washing the fuel cells to reduce the concen- 
tration of contaminant ions present in the fuel cell of 
which performance had been degraded. 

50 [0050] First, as in Example 1 , the fuel cells A and B 
were continuously operated for 500 hours in the normal 
operation mode, and the operation was suspended 
when the cell voltage dropped from the initial voltage. 
Next, each of these fuel cells A and B was boiled in pure 

55 water for one hour to circulate the boiling pure water In- 
side the cell through the gas flow path for supplying the 
reactant gas. 

[0051] After this step, each cell was operated in the 
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normal operation nnode once again; consequently, the 
cell voltage of the fuel cell A using the carbon separator 
plate was restored, from 570 mV to 580 mV, and the cell 
voltage of the fuel cell B using the separator plate made 
of SUS 304 was restored, from 530 mV to 555 mV. 

Examples 9 and 1 0 

[0052] While boiling water was used for washing the 
fuel ceils in Examples 7 and 8, diluted sulfuric acids hav- 
ing the respective pHs of 2 and 1 were used in the 
present examples. As in Example 1, each of fuel cells 
A and B, fabricated in the same manner as that used in 
Examples 1 and 2, was operated in the normal operation 
mode, and the operation was suspended. Then, each 
diluted sulfuric acid was supplied, through a tube, to 
each of these fuel cells A and Bfrom reactant gas supply 
ports (inlets of the gas flow path) provided at the cathode 
and anode sides, and then discharged from the corre- 
sponding discharge ports. After washing each cell with 
the diluted sulfuric acid for two hours, pure water was 
supplied to sufficiently wash the celt until the pH of the 
cleaning water discharged from the discharge port be- 
came 5 or more. 

[0053] After this step, each cell was operated in the 
normal operation mode once again; consequently, the 
cell voltage of the fuel cell A using the carbon separator 
plate was restored, from 580 mV to 588 mV, and the cell 
voltage of the fuel cell B using the separator plate made 
of SUS 304 was restored, from 555 mV to 572 mV. 
[0054] In the above-described examples, weakly 
acidic diluted sulfuric acids were used for the cleaning 
solution; on the other hand, in the case where weakly 
alkaline cleaning solutions, that is, cleaning solutions 
having a pH of approximately 9 were used, no significant 
restoration was obsen/ed, although It was confimned 
that a little effect was achieved by the washing. The re- 
sult is shown in FIG. 2. 

[0055] As such, It was possible to restore the cell per- 
fomnance by washing the inside of the cell with the 
cleaning solution. It was also confinned that the higher 
the temperature at which the washing was conducted, 
the higher the effect of restoring became. 
[0056] it was also possible to enhance the restoration 
of the cell voltage by concurrently using the method for 
restoring the performance conducted in Example 1 that 
involved operating the cell at a high current density and 
the method for restoring the performance that involved 
washing the cell with the weakly acidk^ cleaning solution. 
Further, it was confinned that a similar effect could be 
achieved by using a diluted acetic acid or ammonium 
sulfate for the weakly acidic cleaning solution. 
[0057] Hereinbelow, the effect of the present inven- 
tion demonstrated in Examples 1 to 10 above is sum- 
marized in consideration of the difference in the material 
forming the separator plate, which was the component 
of the cell body. Although the perfomnance of the fuel 
cell B using the metal separator was degraded owing to 



the metal ions eluted from the separator plate during the 
long operation, it could be restored by removing the met- 
al ions accumulated in the ceil by the operation at a high 
current and/or the washing with the weakly acidic clean- 
5 ing solution, 

[0058] On the other hand, in the case of the fuel cell 
A using the cari3on separator plate, the metal ions or 
various cations were not eluted as much as those in the 
case of the fuel cell using the metal separator plate; 

10 however, trace amounts of iron and calcium were found 
to be contained in the separator ptate through an ashing 
analysis. Accordingly, although the perfomriance of the 
cell was not degraded as significantly as that of the fuel 
cell using the metal separator plate, it was degraded to 

IS some extent during the long operation, owing to the con- 
tained metal ions. In addition, it was considered that the 
cell performance decreased by approximately 30 mV af- 
ter the continuous test of 500 hours because of organic 
materials eluted from the resin, which had been added 

20 for improving the gas tightness of the carbon separator 
plate, as well as trace amounts of sulfur compounds and 
nitrogen oxides contained in air. The method for restor- 
ing the cell performance in accordance with the present 
invention was effective even for the fuel cell A using 

2s such carbon separator plate. 

[0059] The polymer electrolyte fuel cell to which the 
method for restoring the cell performance of the present 
invention is applicable is required to have in its electricity 
output system, means for adjusting a loaded current and 

30 an output voltage, or altemativeiy, it is required to have 
in its gas supply system, means capable of supplying a 
cleaning solution to a gas flow path to directly wash the 
inside of the cell. Furthermore, the above fuel cell is also 
required to allow the control of a loaded current and/or 

35 an output voltage, or the washing of the inside thereof, 
after the elapse of a predetermined period, or after a 
predetermined period of operation, or after the cell per- 
formance has been degraded. 

[0060] As the devices to be installed in such polymer 
40 electrolyte fuel cell, there are, for example, a fuel refomi- 
ing device, controlling device, charger and the like, in 
addition to the above-mentioned cell body, gas supply 
device, heat adjustment device and electricity output de- 
vbe. Such fuel cell can be applied to, for example, elec- 
45 trie vehfcles equipped with a fuel cell, cogeneration sys- 
tems, portable power source systems and the like. 

Industrial Applicability 

50 [0061] According to the present invention, it is possi- 
ble to effectively restore a degraded performance of a 
polymer electrolyte fuel cell caused by a long operation, 
thereby providing a highly durable polymer electrolyte 
fuel cell. 

55 
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Claims 

1. A method for restoring performance of a polymer 
electrolyte fuel cell comprising: a cell body com- 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a 
hydrogen ion-conductive polymer electrolyte mem- 
brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying 
and discharging a fuel gas and an oxidant gas to 
and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 
ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 
cell body; and means for controlling output of a cur- 
rent generated In said cell body, 

said method comprising the step of operating 
said polymer electrolyte fuel cell in a loaded current 
mode different from that of a normal operation for a 
predetennined time, thereby restoring the perform- 
ance of said fuel cell. 

2. The method for restoring performance of a polymer 
electrolyte fuel cell in accordance with claim 1 , 

wherein said loaded current mode different 
from that of the nomnal operation is either an oper- 
ation mode at a current of not less than 1 .5 times 
as high as that in the normal operation or an oper- 
ation mode at a current giving an output voltage per 
unit cell of not more than 0.2 V. 

3. A method for restoring perfomnance of a polymer 
electrolyte fuel cell comprising: a cell body com- 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode Interposing a 
hydrogen ion-conductive polymer electrolyte mem- 
brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying 
and discharging a fuel gas and an oxidant gas to 
and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 
ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 
cell body; and means for controlling output of a cur- 
rent generated in said cell body, 

said method comprising the steps of: 

supplying an oxidant gas and a fuel gas to said 
anode and said cathode respectively; and 
outputting a current from said cell body with the 
polarity being inverted, thereby restoring the 
performance of said fuel cell. 

4. A method for restoring performance of a polymer 
electrolyte fuel celt comprising: a ceil body com- 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a 
hydrogen ion-conductive polymer electrolyte mem- 



brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying 
and discharging a fuel gas and an oxidant gas to 
and from said cathode and said anode respectively 

5 and sandwiching said cathode and said anode ther> 

ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 
cell body; and means for controlling output of a cur- 
rent generated in said cell body, 

10 said method comprising the step of supplying 

a pressurized gas to at least one of said cathode 
and said anode in an amount not less than 1 .5 times 
as much as that in the normal operation or supplying 
oxygen to said cathode, thereby restoring the per- 

IS formance of said fuel cell. 

5. A method for restoring performance of a polymer 
electrolyte fuel cell comprising: a cell body com- 
posed of laminated unit cells, each of said unit cells 

20 comprising a cathode and an anode interposing a 
hydrogen ion-conductive polymer electrolyte mem- 
brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying 
and discharging a fuel gas and an oxidant gas to 

25 and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 
ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 
celt body; and means for controlling output of a cur- 

30 rent generated in said cell body, 

said method comprising the step of injecting 
a cleaning solution into said cathode and said an- 
ode through said gas flow path, thereby restoring 
the performance of said fuel cell. 

35 

6. The method for restoring performance of a polymer 
electrolyte fuel cell in accordance with claim 5, 
wherein said cleaning solution is an acidic solution 
having a pH of less than 7. 

40 

Amended claims under Art. 19.1 PCT 

1 . A method for restoring performance of a polymer 
45 electrolyte fuel cell comprising: a cell body com- 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a 
hydrogen ion-conductive polymer electrolyte mem- 
brane therebetween and a pair of conductive sep- 
50 arator plates having gas flow paths for supplying 
and discharging an oxidant gas and a fuel gas to 
and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 
ebetween; 'means for supplying and discharging 
S5 said oxidant gas and said fuel gas to and from said 
cell body; and means for controlling output of a cur- 
rent generated in said cell body, 

said method comprising the step of operating 
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said polymer electrolyte fuel cell for a predeter- 
mined time either in an operation mode at a current 
of not less than 1 .5 times as high as that in a normal 
operation, or in an operation mode at a current giv- 
ing an output voltage per unit cell of not more than 5 
0.2 V, thereby restoring the perfonnance of said fuel 
cell. 

2. A method for restoring performance of a polymer 
electrolyte fuel cell comprising: a cell body com- io 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a 
hydrogen ion-conductive polymer electrolyte mem- 
brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying is 
and discharging an oxidant gas and a fuel gas to 
and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 
ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 20 
cell body; and means for controlling output of a cur- 
rent generated in said cell body, 

said method comprising the steps of: 

supplying an oxidant gas and a fuel gas to said 25 
anode and said cathode respectively; and 
outputting a cun-ent from said cell body with the 
polarity being inverted, thereby restoring the 
performance of said fuel cell. 

30 

3. A method for restoring performance of a polymer 
electrolyte fuel cell comprising: a cell body com- 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode interposing a 
hydrogen ion-conductive polymer electrolyte mem- 35 
brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying 
and discharging an oxidant gas and a fuel gas to 
and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 40 
ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 
cell body; and means for controlling output of a cur- 
rent generated in said cell body 

said method comprising the step of supplying 45 
a pressuhzed gas to at least one of said cathode 
and said anode in an amount not less than 1 .5 times 
as much as that in the nomrial operation or supplying 
oxygen to said cathode, thereby restoring the per- 
formance of said fuel cell. so 

4. A method for restoring performance of a polymer 
electrolyte fuel cell comprising: a cell body com- 
posed of laminated unit cells, each of said unit cells 
comprising a cathode and an anode Interposing a ss 
hydrogen ion-conductive polymer electrolyte mem- 
brane therebetween and a pair of conductive sep- 
arator plates having gas flow paths for supplying 



and discharging an oxidant gas and a fuel gas to 
and from said cathode and said anode respectively 
and sandwiching said cathode and said anode ther- 
ebetween; means for supplying and discharging 
said oxidant gas and said fuel gas to and from said 
cell body; and means for controlling output of a cur- 
rent generated in said cell body, 

said method comprising the step of injecting 
an acidic solution having a pH of less than 7 into 
said cathode and said anode through said gas flow 
path, thereby restoring the performance of said fuel 
cell. 



Brief Statement under Article 19.1 PCT 

Claim 2 was cancelled, and Claim 1 was amended 
to clarify that the loaded current mode different from that 
of a normal operation is either an operation mode at a 
current of not less than 1 .5 times as high as that in a 
normal operation, or an operation mode at a current giv- 
ing an output voltage per unit cell of not more than 0.2 
V. Claim 6 was cancelled, and Claim 5 was amended to 
clarify that the cleaning solution is an acidic solution hav- 
ing a pH of less than 7. 

Additionally, lines 7 to 9 of the preamble of each of 
Claims 1 and 3 to 5 was amended to clarify that the ox- 
idant gas and the fuel gas are supplied to the cathode 
and the anode respectively. 



8 

123721 9A1 I > 



EP 1 237 219 A1 



CM 



CO 

Id 



X 

cu 









o 




•a 












Pi 








CO 




d 


c 


o 


















1 











M 
O 

(C5 

0) 

€0 




§ 



I 

d 

CO 

a 
o 

0 
•H 

C 

o 
o 



CM 



8 



(A) e6B:noA tt^D 



10 



.DOCID: <EP_ 



,1 23721 9A1 I > 



EP 1 237 219 A1 



INTERNATIONAL SEARCH REPORT 


tniemational application No. 




PCT/JPOO/06334 



A CLASSIFICATION OF SUBJECT MATTER 

Int. CI"' HOIM 8/10. HOIM 8/04, HOIM 8/06 



According to Intematioiial Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimtun documentation searched (classification system followed by ciassificatioo symbols) 
Int-Cl' HOIM 8/10, HOIM 8/04, HOIM 8/06 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kiokai Jitsuyo Shinan Koho 197X-2000 Jitsuyo Shixian ToroJai Koho 1996-2000 

Electronic data base consulted during the intemaiionai search (name of data base and, where practicable, search terms used) 
JOIS 

DIALOG (WPI/L) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


JP, 6-260197, A (Mitsubishi Heavy Industries, Ltd.), 
16 September, 1994 (16.09.94), 

Claiins; Par. Nos. (00011 to [00131; ?igs. 1 to 4 
(Family: none) 


4 


X 
A 


EP, 911898, Al (GENERAL MOTORS CORPORATION & THE REGENTS 
OF THE UNIVERSITY OF CALIFORNIA) , 
28 April, 1999 (28.04.99), 

Claims; Par. Nos . [0003] - [0029} ; Figs. 1-4 
& JP, 11-219717, A & US, 6063516 


1,3,4 
2 


A 


JP, 7-68186, A (Toyota Motor Corporation), 
14 March, 1995 (14.03.95) (Family: none) 


5.6 


PX 


JP, 2000-3718, A (Matsushita Electric Ind. Co., Ltd.), 
07 January, 2000 (07.01.00), 
Claims (Family: none) 


1-2,5-6 


EX 


JP. 2000-260455, A (Osaka Gas Co., Ltd.), 
22 September, 2000 (22.09.00), 
Claims (Family: none) 


5-6 



I I Further documents are listed in the continiiation of Box C. \^ See patent family annex. 



* Special categories of cited documents: 
"A* document defining the general state of the an which is not 
considered to be of particular relevance 

earlier document bu\ published on or aAer the international fiting 

**L" document which may throw doubts on priority claini(s) or which is 
cited to establish the publication date of another cttaUon or other 
special reason (as q>ccified) 

"O* do cu men t referring to an oia) disclosure, use; exbtbitton or other 

mams 

'V document published prior to the tittemational filing date but later 
than the priority date claimed 



later documem published after the intematioDal filing dale or 
priorily date and not in conflict with the application but cited lo 
understand the prineiple or theory imderiying the invention 
documem of particular relevance; the claimed invention cannot be 
consideicd novel or eamuM be oonsidered to involve an inventive 
step v^icn the document is taken alone 

doctmient of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with ooe or more otfier such doeumenis, such 
combination twing obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual conviction of the international search 
12 December, 2000 (12.12.00) 


Date of mailing of the intcmaiionaJ search report 
26 December, 2000 (26.12.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 

Telephone No. 



Foim PCT/lSA/210 (second sheet) (Jtdy 1992) 



11 



INSDOCID: <EP 



123721 9A1 1 > 



EP 1 237 219 A1 



INTERNATIONAL SEARCH REPORT 



International appUcaiioo No. 

PCT/JPOO/06334 



Box 1 Observations where certain claims were found imsearcbable (Contuiaatton of item 1 of first sheet) 



This international search report has not been established in respect orcertatn claims under Aiticle 17(2Xa) for the following reasons: 



I. ^] QaimsNos.: 

because they relate to subject matter not required lo be searched by this Authority^ namely; 



2. ^3 Claims Nos.: 



because they relate to parts of the international application that do not comply with the prescribed requiiements lo such an 
extent that no meaningful international search can be carried out, specifically: 



3. n Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
Box II Observations where unity of invention is lacking (Conttnuation of item 2 of fir^t sheet) 



This lotemational Searching Authority found multiple inventions in this international application, as follows: 

The inventions of claims 1-6 relate to a method for restoring the 
characteristics of a polymer electrolyte fuel cell . However the special techxxical 
feature of the inventions of claims i, 2 is operating the polymer electrolyte 
fuel cell in a load current mode different from that in a normal operation for 
a predetermined time; the special technical feature of the invention of claim 
3 is supplying an oxidizer gas and a fuel gas to the anode and cathode respectively 
and taking out current from the fuel cell body with the polarity opposite; the 
special technical feature of the invention of claim 4 is supplying oxygen to 
the cathode or supplying a compressed gas under pressure 1.5 times higher than 
that in the normal operation at least to one of the cathode and anode; and the 
special technical feature of the inventions of claims 5, 6 is injecting a cleaning 
liquid into the cathode and anode through a gas passage. Therefore the technical 
feature of the inventions of claims 1, 2, that of claim 3, that of claim 4, and 
that of claims 5, 6 are different from one another. 

required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 



As ail searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search rcpoit coveis 
only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant Consequently, this international 
search report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest £^ The additional search fees were accompanied by the af^iicant's protest. 

No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1992) 



12 



DOCID: <EP 



123721 9A1 I > 



